SWDs in outbred strains are seizures resulting from spontaneously developed absence epilepsy. The highlighted manuscript has thus attracted a swift response from several members of the epilepsy research community, contesting Taylor and colleagues' claims, citing data supporting the validity of several animal models of absence epilepsy (see collective comment appended to the highlighted article in PubMed commons). Here, I will not expand further on this controversy but rather concentrate on the study's own methods and conclusions, discussing their implications for our understanding of SWDs. In particular, one counter-interpretation to their main resultthat rats can control SWDs-will be discussed.
Taylor et al. are working on a difficult problem, that is, the level of awareness during SWDs (6) . In rodents, tracking levels of awareness is challenging regardless of the neural activity pattern under scrutiny-assessing "levels of awareness" in an animal is never trivial. Taylor et al. thus pose two more specific questions: Can rats respond to external stimuli during SWDs? Can rats control the duration of SWDs? With regard to the first, Taylor and colleagues indeed corroborate previous evidence that animals can respond to external stimuli during SWDs (7) . In their experiment, an audible release of a sugar pellet during SWDs was clearly associated with terminated SWDs, resumed movement, and the retrieval of a reward.
Voluntary Control of Epileptiform Spike-Wave Discharges in Awake Rats.
Taylor JA, Rodgers KM, Bercum FM, Booth CJ, Dudek FE, Barth DS. J Neurosci 2017;37:5861-5869.
Genetically inherited absence epilepsy in humans is typically characterized by brief (seconds) spontaneous seizures, which involve spike-wave discharges (SWDs) in the EEG and interruption of consciousness and ongoing behavior. Genetic (inbred) models of this disorder in rats have been used to examine mechanisms, comorbidities, and antiabsence drugs. SWDs have also been proposed as models of complex partial seizures (CPSs) following traumatic brain injury (post-traumatic epilepsy). However, the ictal characteristics of these rat models, including SWDs and associated immobility, are also prevalent in healthy outbred laboratory rats. We therefore hypothesized that SWDs are not always associated with classically defined absence seizures or CPSs. To test this hypothesis, we used operant conditioning in male rats to determine whether outbred strains, Sprague Dawley and Long-Evans, and/or the inbred WAG/Rij strain (a rat model of heritable human absence epilepsy) could exercise voluntary control over these epileptiform events. We discovered that both inbred and outbred rats could shorten the duration of SWDs to obtain a reward. These results indicate that SWD and associated immobility in rats may not reflect the obvious cognitive/behavioral interruption classically associated with absence seizures or CPSs in humans. One interpretation of these results is that human absence seizures and perhaps CPSs could permit a far greater degree of cognitive capacity than often assumed and might be brought under voluntary control in some cases. However, these results also suggest that SWDs and associated immobility may be nonepileptic in healthy outbred rats and reflect instead voluntary rodent behavior unrelated to genetic manipulation or to brain trauma.
Assessing Levels of Awareness During Seizures in Animal Models
To test whether rats could control SWDs, Taylor et al. designed a clever experiment. Over several days, cortical electrical activity was recorded and analyzed online to detect SWDs while rats were trained in an operant-conditioning task. This task had two contexts: a no-reward context, in which rats spent 30 minutes in a box with a reward port that never delivered rewards; and a reward-context, denoted by a continual white noise stimulus. During the 30-minute reward context, SWDs that lasted for at least 3 seconds were paired with a delayed reward. The reward delay was key to the design: The rats received the reward 3 seconds after the termination of the SWD. The 3-second delay allowed the experimenters to assess the rats' expectation for reward by measuring when and how often the rat checked the reward port. The experimenters made two observations that led them to conclude that the rats were aware of SWDs (or the behavioral state associated with them) and able to control SWDs: First, rats checked for a reward more often during the delay period, when there had not been any external cue that a reward was coming. The authors interpret this as the rats' associating the "internal" termination of the SWD with increased probability of reward. Second, during reward sessions, the SWD durations changed so that most were 3 seconds long, which would be consistent with rats being "aware" of the length of their SWDs and able to shorten them to maximize reward.
Other possibilities cannot be ruled out, however, according to the data as presented. First, no information was provided about the general effects of reward context. Once rats are well trained, the white noise cue likely activates the reward system, leading to an increased arousal state. Perhaps the associated brain chemistry promotes shorter SWDs. Indeed, brain-states linked to heightened arousal are correlated with fewer SWDs (8, 9) . Because the researchers did not log SWDs shorter than 3 seconds, we are left wondering whether 2-second-long (unrewarded) SWDs would be equally prevalent during the reward context. Further difficulties surround the interpretations of increased reward checking during the delay period. The exact opposite conclusion could be made: rats are not aware during SWDs. We might suppose that when rats regain awareness after SWDs, they subsequently regain awareness of white noise cue, which prompts rewardsearching behavior. One should consider that the rats could be pairing recovering from the SWD with reward. Many of these ambiguities could be eliminated by rerunning the task with a rule-change. If the same animals were retrained on the task, but the "rule" were changed such that rewarded SWDs must now be 4 seconds long, we would expect to see a shift in burst durations from 3 to 4 seconds. Such a shift would be convincing evidence that rats are controlling the burst duration of SWDs and thus maintaining awareness during SWDs. Such a design would also provide the investigators an opportunity to test for extinction of the reward-seeking behavior associated with 3 second long SWDs, which would support that it was a learned behavior.
The data Taylor et al. present from the WAG/Rij strain (inbred to model absence epilepsy) may hint that a link between arousal and SWDs could be behind their results. Under the same conditions as summarized above, SWDs in WAG/Rij rats were unaltered during the reward context. When food deprived, these animals showed the same pattern as outbred strains (reduced burst length of SWDs). It is possible, then, that fooddeprived rats enter a heightened state of arousal (10) , which could be similar to the baseline arousal state in outbred rats. This suggests that the arousal system may be suppressed in rats with absence epilepsy-a possibility worthy of further study.
Taylor et al. have employed a promising experimental design to explore levels of awareness in SWDs, although it is too early to claim that rats can voluntarily control them.
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